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(54) MASTER-SLAVE DEVICE 



(57)Abstract 

PROBLEM TO BE SOLVED: To provide a master slave device capable of sensing the 
gripping force amount of a processing part of a slave manipulator as the sensibility of 
the fingertips of an operator, and excellent in operability. 

SOLUTION: A strain gauge 35 for detecting the griping force amount of a tip gripping 
part 1 of a slave manipulator 2 is provided, and a detected signal from the strain gauge 
35 is fed back to handles 10 of a master manipulator 3 by an operational sensibility 
providing mechanism 51 so as to be reflected to the sensibility of the fingertips of an 
operator. 
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A. Relevance of the Above-identified Document 

This document discloses prior art as technical 
background of the present invention. 

B. Translation of the Relevant Passages of the Document 

See the attached English Abstract. 

[CLAIMS] 

1. A master/ slave apparatus, comprising: 

a slave manipulator, which is so set as to be accessible to 
a surgery field; 

a master manipulator, which is set in a region so that a 
surgeon is able to manipulate and which remotely controls the 
slave manipulator; 

a master control section for converting manipulation 
information of the master manipulator into an electric signal; 

a slave control section, which is connected to the slave 
manipulator and the master control section, and which outputs 
a control signal by which the manipulation information is 
transferred from the master control section to the slave 
manipulator such that the slave manipulator moves in 
accordance with the manipulation information; 

a force sense detection member for detecting holding force 
of a treatment section of the slave manipulator; and 

a manipulation sense rendering mechanism for feeding 
back, to a manipulation section of the master manipulator, a 
detection signal sent from the force sense detection member, so 
that the surgeon feels the force in a hand. 
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[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 

[FIELD OF THE INVENTION] 

The present invention relates to a master/ slave apparatus 
in which a manipulator inserted in, e.g., a body cavity of a living 
body is remotely controlled by control means so that a diagnosis 
surgery, a treatment surgery, or the like is carried out. 

[0002] 
[BACKGROUND ART] 

Drawn an attention in recent years is a fiberscope surgery 
using a fiberscope and a medical equipment for the purpose of 
carrying out various treatments in a body cavity. The fiberscope 
and the medical equipment are inserted through skin, i.e., via a 
hole formed in a body wall such as a belly wall. Because the 
fiberscope surgery does not require a large dissection as 
compared with an abdominal surgery, the fiberscope surgery is 
minimally invasive. For this reason, such a surgery is widely 
used for a surgery for removing gallbladder and a part of a lung; 
or the like. 

[0003] Further, Japanese Patent Application Number 
Tokugan 11-333111 describes a master/ slave apparatus for 
allowing a human surgeon to remotely carry out, with the use of 
a manipulator equipped with the fiberscope and the medical 
equipment, such a surgery that uses the fiberscope and the 
medical equipment. 

[0004] 

[PROBLEMS TO BE SOLVED BY THE INVENTION] 

In the medical equipment for use in a normal surgery, a 
manipulation section to be manipulated by the surgeon is 
directly connected to a treatment section. In contrast, a 
manipulation section to be manipulated by the surgeon is not 
directly connected to a treatment section in the master/ slave 
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apparatus. Accordingly, in the case of the normal surgery, the 
surgeon can feel a holding force or the like in the hands via the 
medical equipment; however, in the case of the master/ slave 
apparatus, the surgeon cannot feel the holding force or the like 
in the hands. 

[0005] The present invention is made in light of the 
problem, and its object is to provide a master/ slave apparatus 
which allows the surgeon to feel, in the hands, a holding force 
of a treatment section of a slave manipulator, and which is 
excellent in operationality. 

[0006] 

[MEANS FOR SOLVING THE PROBLEMS] 

A master/ slave apparatus of the present invention 
includes: (i) a slave manipulator, which is so set as to be 
accessible to a surgery field; (ii) a master manipulator, which is 
set in a region so that a surgeon is able to manipulate and 
which remotely controls the slave manipulator; (iii) a master 
control section for converting manipulation information of the 
master manipulator into an electric signal; (iv) a slave control 
section, which is connected to the slave manipulator and the 
master control section, and which outputs a control signal by 
which the manipulation information is transferred from the 
master control section to the slave manipulator such that the 
slave manipulator moves in accordance with the manipulation 
information; (v) a force sense detection member for detecting 
holding force of a treatment section of the slave manipulator; 
and (vi) a manipulation sense rendering mechanism for feeding 
back, to a manipulation section of the master manipulator, a 
detection signal sent from the force sense detection member, so 
that the surgeon feels the force in a hand. In other words, in the 
present invention, the force sense detection member detects the 
holding power of the treatment section of the slave manipulator, 
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and the detection signal sent from the force sense detection 
member is fed back to the manipulation section of the master 
manipulator so as to be processed by the manipulation sense 
rendering mechanism of the master control section, with the 
result that the surgeon can feel, in the hands, the force 
reflected in the manipulation section of the master manipulator. 
[0007] 

[DESCRIPTION OF THE EMBODIMENTS] 

Embodiment 1 of the present invention will be described 
below with reference to Fig. 1 through Fig. 6. Fig. 1 is a diagram 
schematically illustrating an entire system of a master/ slave 
apparatus 1 of the present embodiment. The master/ slave 
apparatus 1 includes (i) slave manipulators 2 which are so 
installed as to access a surgery field to be subjected to a 
surgery, and (ii) master manipulators 3 operated by a surgeon. 

[0010] Further, strain gauges (force sense detection 
members) 35 each for detecting the holding force are provided 
in such an end holding section 7, i.e., are respectively provided 
in portions other than the holding surfaces of the holding 
members 7a and 7b. Note that the strain gauges 35 do not need 
to be respectively provided in the holding members 7a and 7b, 
and may be provided in at least one of the holding members 7a 
and 7b. 

[0011] The manipulator main body 5 is driven by a 
manipulator main body driving unit such that the manipulator 
main body 5 can be moved in the X axis direction (horizontal 
direction), the Y axis direction (vertical direction), the Z axis 
direction (forward-backward direction). Moreover, the 
manipulator main body 5 is so driven as to rotate with respect 
to the Z axis. 

[0012] Further, as shown in Fig. 3, the insertion section 4 
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of the manipulator main body 5 is arranged such that a driving 
shaft 36b is inserted in a tubular arm section 36a. The driving 
shaft 36b has an end portion to which the base end portion of 
the link mechanism section 9 is connected. 

[0013] Provided in the slave driving section 6 is an end 
holding section driving unit (not shown). The end holding 
section driving unit drives the driving shaft 36b, which is 
provided in the arm member 36a of the insertion section 4, 
such that the driving shaft 36b is moved back and forth in the 
direction in which the driving shaft 36b extends. The movement 
of the driving shaft 36b causes the holding members 7a and 7b 
of the end holding section 7 to rotate with respect to the 
rotation pin 8 such that the end holding section 7 opens and 
closes, i.e., the holding members 7a and 7b meet each other 
and detach from each other. 

[0014] Further, see Fig. 4. Provided in the left-side master 
manipulator 3a are, e.g., (i) a handle 10 (manipulation section) 
which has a substantially scissors-like shape and which allows 
the open/ close operation, and (ii) a supporting mechanism 
section 11 for supporting the handle 10 such that the handle 10 
can move in the X axis direction (horizontal direction), the Y 
axis direction (vertical direction), and the Z axis direction 
(forward-backward direction), and such that the handle 10 can 
rotate with respect to the Z axis. As shown in Fig. 4, the 
supporting mechanism section 11 is structured by, e.g., a 
parallel link mechanism 49 constructed by combining a 
plurality of pantograph mechanisms. 

[0015] The parallel link mechanism 49 has a substantially 
triangle- shaped top plate 12 to which the handle 10 is 
connected. Specifically, the top plate 12 has a surface, in the 
substantially center of which a connection section 12a of the 
handle 10 is installed. 
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[0016] Connected to the other surface of the top plate 12 
are parallel links 53A, 53B, and 53C. Provided respectively in 
the parallel links 53A, 53B, and 53C are link main bodies 53a. 
Each of the link main bodies 53a of the parallel links 53A, 53B, 
and 53C has one end connected to each of the corners of the 
top plate 12 with a universal joint 52 therebetween. 

[0017] Meanwhile, see Fig. 5(A) and Fig. 5(B). Each of the 
link main bodies 53a of the parallel links 53A, 53B, and 53C 
has the other end fixed to a base 55 of the parallel link 
mechanism 49 by a pairing shaft 54. Note that an encoder (not 
shown) is provided in each pantograph pairing shaft 54. The 
encoder serves as detecting means for detecting movement of 
the handle 10. 

[0018] Each of Fig. 5(A) and Fig. 5(B) illustrates how the 
parallel link mechanism 49 is installed. Specifically, Fig. 5(A) 
illustrates that the parallel link mechanism 49 is installed such 
that the base 55 of the parallel link mechanism 49 is in a 
horizontal manner. On the other hand, Fig. 5(B) illustrates 
that the parallel link mechanism 49 is installed such that the 
base 55 is perpendicular to the horizontal surface. When 
installed in either manner, the top plate 12 is supported by the 
base 55 such that the top plate 12 can move straightly in the X 
axis direction, the Y axis direction, and the Z axis direction, and 
such that the top plate 12 can rotate with respect to the X axis 
direction, the Y axis direction, and the Z axis direction. 

[0019] Note that the parallel links 53A, 53B, and 53C 
interfere with one another in the parallel link mechanism 49 of 
the present embodiment, so that the rotation with respect to the 
Z axis is restrained. This causes restraint of the movement of 
the handle 10. Here, see the case where the parallel link 
mechanism 49 is installed such that the base 55 is in the 
horizontal manner as shown in Fig. 5(A). In this case, the 
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horizontal movement of the handle 10 is restrained when each 
of the slave manipulators 2 is installed horizontally as shown in 
Fig. 5(A). The horizontal movement is carried out most 
frequently. On the other hand, see the case where the parallel 
link mechanism 49 is installed such that the base 55 is in the 
perpendicular manner as shown in Fig. 5(B). In this case, when 
the slave manipulator 2 is installed horizontally as shown in Fig. 
5(B), the horizontal movement of the handle 10 is less 
restrained as compared with the case where the parallel link 
mechanism 49 is installed such that the base 55 is in the 
horizontal manner. For this reason, it is preferable to install the 
parallel link mechanism 49 of the present embodiment such 
that the base 55 is in the perpendicular manner. 

[0020] As shown in Fig. 6, the handle 10 of the left-side 
master manipulator 3a includes: (i) a supporting shaft 13 
having one end connected to the top plate 12, and (ii) two 
handle members 15a and 15b each connected to the other end 
of the supporting shaft 13 such that the handle members 15a 
and 15b can rotate with respect to a rotation shaft 14. 

[0021] A plate spring member 17 and a stopper 18 are 
provided in the free end side of the handle member 15a and 15b 
of the handle 10. The plate spring member 17 always exerts 
pressure on the handle members 15a and 15b, in the direction 
of the opening position of the handle 10. The stopper 18 
restrains a degree of closure between the handle members 15a 
and 15b, upon the closing operation of the handle 10. Here, the 
stopper 18 has a base end fixed to the handle member 15a. 
Moreover, the stopper 18 has a top end positioned substantially 
perpendicularly with respect to the handle member 15b. 

[0022] Further, the plate spring member 17 has one end 
fixed to the handle member 15b. The plate spring member 17 
has the other end fixed to the free end side of the handle 
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member 15b. The plate spring member 17 exerts a spring force 
on the handle members 15a and 15b, in the direction of the 
opening position of the handle 10. Upon the closing operation ot 
the handle 10, the top end of the stopper 18 is caused to meet 
the handle member 15b, with the result that the degree of 
closure is restrained. 

[0023] Further, see the vicinity in which the rotation shaft 
14 is provided. Provided between the handle members 15a and 
15b are link members 16a and 16b. The link member 16a has 
one end rotatably supported by the handle member 15a, 
whereas the link member 16b has one end rotatably supported 
by the handle member 15b. Further, the link member 16a has 
the other end rotatably connected to the other end of the link 
member 16b by a guide pin. 

[0024] Provided further in the supporting shaft 13 is a 
guide 30 extending in the direction reverse to the top plate 12. 
The guide 30 has one end in which a guide groove 32 is so 
formed as to extend in the direction in which the supporting 
shaft 13 extends. The guide pin 31 connecting the link members 
16a and 16b is movably inserted in the guide groove 32. Upon 
the opening operation of the handle 10, the guide pin 31 is 
moved within the guide groove 32 so as to meet the closing end 
of the guide groove 32. This allows restraint of the opening 
amount of the handle 10. Note that the link members 16a and 
16b are so manufactured as to have substantially the same 
lengths, so that the handle members 15a and 15b are 
symmetrically moved with respect to the guide groove 32 when 
opening and closing the handle 10. 

[0025] Further, provided in the handle member 15a of the 
handle 10 are a potentiometer 19 and a motor 33. Here, the 
potentiometer 19 has a gear 66 which is so provided as to be 
engaged in a gear 65 provided in the rotation shaft 14. Further,. 
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the gear 66 of the potentiometer 19 is also engaged in a gear 67 
provided in the motor 33. Therefore, when the opening/closing 
operation of the handle 10 causes rotation of the rotation shaft 
14, the gear 65 of the rotation shaft 14 is accordingly rotated. 
The rotation of the gear 65 causes rotation of the gear 66. The 
potentiometer 19 detects rotation angle of the rotation of the 
gear 66. 

[0026] Further, each of the master manipulators 3 
includes a lock mechanism section for causing the master 
manipulator 3 to be operable or inoperable. A specific example 
of the lock mechanism section is an electromagnetic lock type 
lock mechanism. 

[0027] Further, see Fig. 1. The master manipulator 3 is 
connected to a master control section 20 which converts the 
operation of the master manipulator 3 into an electric signal. 
The master control section 20 includes (i) the potentiometer 19 
of the handle 10 of the master manipulator 3; (ii) a position 
detection apparatus 2 1 of the supporting mechanism section 1 1 , 
such as an encoder; (iii) a calculation circuit 22 constructed by 
a computer for calculating a position of the handle 10 of the 
master manipulator 3. The calculation circuit 22 receives 
detection data which is detected by the position detection 
apparatus 21 and which indicates respective operation states of 
the left-side master manipulator 3a and the right-side master 
manipulator 3b. Then, the calculation circuit 22 carries out 
position calculation so as to obtain 1 information such as (i) 
moving distance of the handle 10 in the master manipulator 3, 
and (ii) open/ close angle of the handle 10. 

[0028] Further, the master control section 20 is connected 
to a foot switch 23 for controlling the electromagnetic lock type 
lock mechanism section of the master manipulator 3. The foot 
switch 23 includes pedals 23a and 23b. The pedal 23a of the. 
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foot switch 23 switches the state of the master manipulator 3 
between a locked state and an unlocked state. The pedal 23b is 
used for an operation of switching a clutch mechanism. With 
the operation, the moving distance of the handle 10 is not 
transferred to the slave manipulator 2. 

[0029] In the vicinity of the surgeon who manipulates the 
master manipulator 3, a monitor 24 and a speaker 34 are set. 
The monitor 24 displays the target surgery field subjected to 
treatment carried out by the slave manipulator 2, so that the 
surgeon can manipulate the master manipulator 3 while viewing 
such display. 

[0030] Further, the slave manipulator 2 is connected to a 
slave control section 25 for outputting a control signal which 
transfers the movement of the manipulator 3 to the slave 
manipulator 2 such that that the slave manipulator 2 follows 
the movement of the master manipulator 3. The slave control 
section 25 includes a motor driving circuit 27 and a calculation 
circuit 28. The motor driving circuit 27 controls a plurality of 
driving motors 26 provided in the slave driving section 6 . The 
calculation circuit 28 is constructed by a computer for 
controlling the slave manipulator. 

[0031] Further, the calculation circuit 28 of the slave 
control section 25 is connected to the calculation circuit 22 of 
the master control section 20 via, e.g., communication means 
29 using an optical fiber cable. The slave control section 25 
receives, from the master control section 20, the control signal 
which transfers the movement of the manipulator 3 to the slave 
manipulator 2 such that the slave manipulator 2 follows the 
movement of the master manipulator 3. Then, the slave control 
section 25 outputs the control signal thus received. 

[0032] Further, while the slave manipulator 2 is driven, a 
signal sent from each of the strain gauges 35 respectively 
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provided in the holding members 7a and 7b of the end holding 
section 7 is supplied to the calculation circuit 28 of the slave 
control section 25. Further, the information thus obtained by 
the calculation is sent to the calculation circuit 22 of the master 
control section 20 via the communication means 29. 

[0033] Further, the master manipulator 3 of the present 
embodiment includes a manipulation sense rendering 
mechanism 51 for allowing the surgeon to feel, in the hands, 
the force corresponding to the detection signal which is sent 
from each of the strain gauges 35 of the holding members 7a 
and 7b of the end holding section 7 of the slave manipulator 2, 
and which is fed back to and is reflected in the handle 10 of the 
master manipulator 3. For the purpose of obtaining control 
information indicating the force to be fed back to the handle 10, 
the manipulation sense rendering mechanism 51 is arranged 
such that the calculation circuit 22 carries out calculation in 
accordance with the information sent from the calculation 
circuit 28 of the slave control section 25 to the calculation 
circuit 22 of the master control section 20. Moreover, the 
manipulation sense rendering mechanism 51 converts (i) the 
information thus obtained by the calculation circuit 22, into (ii) 
a control signal. Then, the control signal is sent to the motor 33 
of the master manipulator 3. The motor 33 rotates in 
accordance with the received signal. The rotation of the motor 
33 causes rotation of the gear 67 of the motor 33. The rotation 
of the gear 67 is transferred to the gear 65 of the rotation shaft 
14 via the gear 66 of the potentiometer 19. Further, the rotation 
of the gear 65 causes rotation of the rotation shaft 14, with the 
result that the opening/ closing operation of the handle sections 
15a and 15b are carried out. With this, the force exerted on 
the end holding section 7 of the slave manipulator 2 is fed back 
to the handle 10, so that the surgeon can feel the force. 
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[0034] Explained next is an effect rendered by the above 
structure. While the master/ slave apparatus 1 of the present 
embodiment is in use, the master manipulator 3 is set in a 
region in which the surgeon can manipulate the master 
manipulator 3. On the other hand, the slave manipulator 2 is 
so set as to be accessible to the surgery field. For example, the 
slave manipulator 2 is set such that the insertion section 4 of 
the slave manipulator 2 is inserted in the body cavity via a 
torocar coating tube inserted in a hole formed in advance, by a 
torocar (not shown), in a body wall of the patient subjected to 
the diagnosis surgery, the treatment surgery, or the like. On 
this occasion, the monitor 24 set in the vicinity of the surgeon 
who operates the master manipulator 3 displays a fiberscope 
image of the surgery field or a computer graphic image (CG 
image) thereof. The fiberscope image is captured by a fiberscope 
inserted in the body cavity via a position different from the 
position in which the slave manipulator is inserted. The CG 
image is synthesized by a computer graphic apparatus. 

[0035] Carried out after setting the slave manipulator 2 
and the master manipulator 3 is a calibration operation for 
correlating the origin (zero point) position of the master 
manipulator 3 with the origin position of the slave manipulator 
2. The folio wings are carried out during the calibration 
operation. That is, the master manipulator 3 is unlocked in 
response to press-down of the pedal 23a of the foot switch 23. 
This makes it possible that: the left-side master manipulator 3a 
of the master manipulators 3 and the right-side master 
manipulator 3b thereof move in the X axis direction (horizontal 
direction) of Fig. 6, the Y axis direction (vertical direction), and 
the Z axis direction (forward-backward direction), and the 
left-side master manipulator 3a and the right-side master 
manipulator 3b rotate with respect to the Z axis. This also 
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makes it possible that the handle members 15a and 15b of the 
left-side master manipulator 3a, and the handle members 15a 
and 15b of the right-side master manipulator 3b are brought 
into a state allowing for the opening/closing operation. 

[0036] Under such a condition, the left-side master 
manipulator 3a and the right-side master manipulator 3b of the 
master manipulators 3 are moved to certain positions such that 
the origin (zero point) positions of the left-side manipulator 3a 
and the right-side manipulator 3b are set, respectively. 

[0037] Then, the manipulator main body driving unit (not 
shown) and the end holding section driving unit are driven. The 
manipulator main body driving unit is provided in each of the 
slave manipulators 2a and 2b of the slave manipulators 2. This 
causes the manipulator main bodies 5 to (i) move in the X axis 
direction (horizontal direction), the Y axis direction (vertical 
direction), and the Z axis direction (forward-backward direction) 
of Fig. 2, and (ii) rotate with respect to the Z axis. Accordingly, 
the left- side slave manipulators 2a and the right-side slave 
manipulator 2b are positioned in the respective origin positions 
set in advance. 

[0038] After the calibration operation thus finished, the 
diagnosis surgery, the treatment surgery, or the like starts to be 
carried out with the use of the master/ slave apparatus of the 
present embodiment. The surgeon operates the left-side master 
manipulator 3a and the right-side master manipulator 3b of the 
master manipulators 3 so as to carry out the surgery, while 
viewing either the fiberscope image or the CG image, each of 
which shows the surgery field and each of which is displayed on 
the screen of the monitor 24. The left- side master manipulator 
3a is manipulated by the left hand of the surgeon, and the 
right-side master manipulator 3b is manipulated by the right 
hand thereof. Such manipulation of the left-side master 
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manipulator 3a allows remote control of the left- side slave 
manipulator 2a, whereas such manipulation of the right-side 
master manipulator 3b allows remote control of the right-side 
slave manipulator 2b. 

[0039] See an example in which the handle 10 of the 
left- side master manipulator 3a is moved in the X axis direction 
(horizontal direction), the Y axis direction (vertical direction), 
and the Z axis direction (forward-backward direction), and is 
rotated with respect to the Z axis. The movement of the left- side 
manipulator 3a is detected by the position detection apparatus 
21 of the master control section 20. The position detection 
apparatus 21 sends the detection data to the calculation circuit 
22. In accordance with the detection data thus received, the 
calculation circuit 22 carries out position calculation so as to 
obtain data (hereinafter, referred to as "calculation data") such 
as (i) data indicative of the manipulation state of the handle 10 
of each of the master manipulators 3 and (ii) data indicative of 
the open/ close state of the handle 10. 

[0040] Further, the calculation data thus obtained 
through the position calculation carried out by the calculation 
circuit 22 of the master control section 20 is sent to the slave 
control section 25 via the communication means 29 such as an 
optical fiber cable. In accordance with the calculation data thus 
received, the calculation circuit 28 of the slave control section 
25 carries out calculation so as to generate a control signal for 
controlling the driving motors 26 of the motor driving circuit 27 
provided in the slave driving section 6. With this, the left-side 
slave manipulator 2a moves in synchronism with the movement 
of the handle 10 of the left-side master manipulator 3a. Note 
that a similar action takes place when manipulating the 
right-side master manipulator 3b, so that the operation of the 
right-side slave manipulator 2b is controlled. With this, the 
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right-side slave manipulator 2b moves in synchronism with the 
movement of the handle 10 of the ' right- side master manipulator 
3b. 

[0041] In the present embodiment, while each of the slave 
manipulators 2 is driven, the strain gauges 35 respectively 
provided in the holding members 7a and 7b of the end holding 
section 7 detects the force (holding force exerted on each of the 
holding members 7a and 7b) exerted on the end holding section 
7. On this occasion, the manipulation sense rendering 
mechanism 51 is driven in the following manner. That is, the 
signal sent from each of the strain gauges 35 of the holding 
members 7a and 7b of the end holding section 7 is supplied to 
the calculation circuit 28 of the slave control section 25, for the 
purpose of calculating the force (holding force exerted on each 
of the holding members 7a and 7b) exerted on the end holding 
section 7. The information thus obtained by the calculation is 
sent to the calculation circuit 22 of the master control section 
20 via the communication means 29. 

[0042] In accordance with the information sent to the 
calculation circuit 22 of the master control section 20 in the 
manipulation sense rendering mechanism 51, the calculation 
circuit 22 carries out calculation so as to obtain the control 
information to be fed back to the handle 10 of the master 
manipulator 3. The information thus obtained through the 
calculation carried out by the calculation circuit 22 is converted 
into the control signal, and the control signal is sent to the 
motor 33 of the master manipulator 3. The motor 33 rotates in 
accordance with the signal thus received. The rotation of the 
gear 67 of the motor 33 is transferred to the gear 65 of the 
rotation shaft 14 via the gear 66 of the potentiometer 19. The 
rotation of the gear 65 causes rotation of the rotation axis 14. 
This causes the opening/ closing operation of the handle 
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sections 15a and 15b, with the result that the force exerted on 
the end holding section 7 of the ' slave manipulator 2 is fed back 
to the handle 10. With this, the surgeon can feel the force. 

[0043] The above structure allows the following effect. 
That is, in the present embodiment, the strain gauges 35 
detects the holding force of the holding members 7a and 7b of 
the end holding section 7 of the slave manipulator 2, while the 
slave manipulator 2 is in operation. The manipulation sense 
rendering mechanism 51 feeds back, to the handle 10 of the 
master manipulator 3, the force corresponding to the detection 
signal detected by the strain gauges 35 respectively provided in 
the holding members 7a and 7b of the end holding section 7 of 
the slave manipulator 2. With this, the surgeon can feel the 
force reflected in the handle 10. In other words, when 
manipulating the handle 10 of the master manipulator 3, the 
surgeon can feel, in the hand, the holding force exerted on the 
holding members 7a and 7b of the end holding section 7. As 
such, the master/ slave apparatus 1 of the present embodiment 
makes it possible that the surgeon can feel the holding power in 
the hands through the respective handles 10 of the master 
manipulators 3, as is the case with the normal surgery in which 
the surgeon feels the holding power in hands through the 
medical equipment. This allows improvement of operationality 
of the master/ slave apparatus 1. 

[0044] Note that the present embodiment provides the 
structure in which the strain gauges 35 (see Fig. 2) are provided 
respectively in the holding members 7a and 7b of the end 
holding section 7 of the slave manipulator 2; however, a strain 
gauge 37 (see Fig. 3) may be provided instead of the strain 
gauges 35 so as to detect the holding force of the holding 
members 7a and 7b. The strain gauge 37 is provided in the 
driving shaft 36 provided within the arm member 36a of the 
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insertion section 4; 

[0045] Moreover, the master/ slave apparatus 1 may be 
arranged such that: when the manipulation rendering 
mechanism 51 feeds back, to the handle 10 of the master 
manipulator 3, the force corresponding to the detection signal 
sent from each of the strain gauges 35 provided respectively in 
the holding members 7a and 7b of the end holding section 7 of 
the slave manipulator 2, the control signal to be sent to the 
motor 33 may be visually expressed in the monitor 24, or may 
be expressed as a sound to be outputted from the speaker 34. 
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©A^KAIOSSO^ XffcfrjfiJ (£*^IS]) . Y 

tt^r&j (±T^rsj) . zw^fS] (Sfrfs^isi) <c-en-en 
*£3»;*-ti\ *>ozfili©lililsl0^rfij«:|5itti3-a-/t®^«:« 
C©i#©VXir-vr.f 3 .U-if 3 a©S&^-7Xif 

-3HJ8PSB2 o©<4g«iaisig2 l-ctujsns. <:©(* 

g^WS?S2 1 ^©tfcm-f-* WSP@K2 2«CA^» 
Sti. C©?S3?15|S&2 2-C{4BH-St$n-Cvxif— 7^ 
t'* U- if 3©^> FJU 1 0©anm«-^>. FiW 1 
0 ©P8K«jH% t'©^- if ^ai 
[0 04 0] */c. ^Xif-*)J8pgB2 0©iI©liIg52 2 

t'©am*©2 9*^-cx>-?mipgB2 s^csms 

nS„ ^6t. C©Xb-^J®gR2 5©SISt®K2 8 
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mts 2 7 (Dmnvmrn*- * 2 6 *warr s ww»*# 

S ft SffcUWt-5tl;t£ffliJ:* U - t * u - £ 2 a tcfe. " 
£3 ft. £fflJxu-:f-^b- ; *u-*2a#MPifl*JK:8l 
fP3ft*. C©£#. £iffl*U-:/v^taU-*2 a 
«2EfflJ-7**-vxfj.U--£3 a©^> F;H 0©H> 

fa u-^2b ©ftflaWMflPS ft. S«v^i-7i f 

-* 2 b jMBK J: 5 tctt-?Tl>&. 
[0 0 4 1 ] *SJi©iSTttXU-^7-t a 

}EJ3SB7©}E}$Sm*7 a. 7 b ©5*^-2^3 5«C<fco 
"CftiBJeat»7«:*36>oTC»** (}Bi$g|5W7 a. 7 b 
©fta#a«) sW*W 3 ft* i £ 4> fc. jftftjatttt^tttt 
5 1 **#©»*) SE8& 3ft -rft*>%. 5feS8JEa#SI57© 
JBJ$g&|vf7a. 7 b©S*y-i>3 5*>6>aj;b3ft£{§ 
U - Tfflfflpas 2 5 ©ttffHlg 2 8 icm 6ft . SfcJS 
JEJ#SIS7 -COSft (»Jfattt7 a . 7 b ©!BJ# 

*«) *W»3ft*. 36tc. ccrtWSftfcflWRtt 
aft#© 2 94/htvx$- twangs 2 0 ©is©®!® 2 

2 (CiUfcftS. 

C 0 0 4 2 ] £ fc. amftXtt^ttlt 5 1 rt*v* $ - 
*lfi8?g52 O©?H#0^2 2tc^6ft/c1tfg(CS^TC© 
St#H18S2 2Wji-7ilf a U-£3©>"> F->H 

0 ^ - F'< » f Stt*fcft©l^««isWM*i 
36tC. C©jg^[5]S82 2-CitffSft/c1ffg«$ll«BI 

ft-«ftc^&3ft. v*$r-v.=.b*3.U-£3©-fc-£3 
3{C$tl6ft£= -e-UT. C©*-*3 3*s^|P.ftT#fc 
flHtCO&C'CBK*'&. C©<b*. *-*3 3©**T6 
7©!!^^ >^ 3 y-f 1 9®+*7 6 6£/M,T|5I 
Slllft 1 4 <D*rT 6 5 KH363 ft S. 3 6K. C©¥7 6 
5©HBSK:<fc*). ISSiifiiil 4*s|5jfEU. -e-ft{cJ:0^> 
FWJ15a, 1 5 btfHMtMPSft. ^-^-t 
a 1 — * 2©5te4SJE*$gB7 tc*i*>oTI,>5*^^> KJl' 

1 0£A-l/CfK#tc:7 A- \r'*y *3ft£. 

[ 0 0 4 3 ] -ec-c. ±IB^©*>©(C*-or«^©^ 
T&ft*?. *Hife©^-r«XU--/-7- 
fa U-£2©ttffcB$«:. C0XI/-^7-bal/-$ 
2©5fe«}GH!fS|57©tEJtg|5W7 a, 7 bOjfi^l^S 
*y-^3 5{C«fcoTtfcfc]3-t*. C©^U-^7ifa 
U-*2©5^*BJ$gS7©}e$$8M*7 a. 7 b©I*y 
-^3 5^6©^fg^^®^#tS«5 1 tCto 
tvx^-v- fa 3©n> KJl' 1 0 l,CV -f — K 

^ ? * $ a-cmse^onaticssfk 3t*-£<fc5(cofc 

©T\ VX£-v^fc-aU--£3©^>F.'l'l Otflfrt 
7 ©miSSM* 7 a . 7 b <Dl&f$t>m*Wm<Dtt<D®i% 
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£ 0 "OS D -?-©*:». jl^©#ff5"C'(i|5 

&©>SM£:fcllS6©7f*JS©' : ?;*. U-^g 1 r 
" U-#3©;» KJU 1 0£^# 

#. v**-*U~7ggl©}IHtt£©|tO±£S£C£ 
[0044] &*5. **Ki©^S|-C«^U-^-f a 

# 2 ©^te^ss 7 tcjsw i—M<Dtmmi 1 a . 

10 7btcE2 ©M*y-t?3 5 £l£W/c«J&£^l/fc#t 
©S*y-t>3 5©ftb«3tc. 0 3CC7nT«t^M:ttASiJ 
4©BeSM*3 6 a©*©IESilW3 6 hK&frtf-VZ 7 
Srtgtf. C©m*y-i?3 7tCct-7T— *t©}Ef$SBl*7 
a. 7 bP«S©}Bl$7JS£&ftT£$J?£«:b-C*>J:t,>. 
[0 04 5] XU-^7it: a U-i'2©«jl! 
8fSB 7 ©JEJtSPW 7 a . 7 b ©^*y-i? 35* 6©tfc 
^^£»fl**tt-5»l»s 1 (CtoT7Xf-7^t; 
aU-$3©^>KJH 0<C7 -c — F'^i'S-tt'CtB* 
©^©^(CSI^Sti-SIStC. *-*3 3(C&P>ftS 
20 SU®[t#*^-^-2 4{cm«W«:^t./c«3. Xf- 
3 4*>6^«i: b"CSi^ 3 it £tif>£«:0T 
[0046] $ /c. El 7 fc<fc£>*0 8 \*&&W<Dm 2 ©H 

js©ff^«:^-r *>©r&s. m 1 <omM<om& <m 1 7i 

^S|-c«c©a 9 ^^^^©il'JlfREb/cfeo-c* 

30 [0047] tt£t>%. xmmom&o-?* 

©it^SSilS5 8£. Si«pFS6^-*f©^«6 2 a . 

6 2b zmztct? v 2 ±&m-thtix<> 

ccr. iS^il«|jS5 8«:«mBa=J-Y^«ci'©^'J 
>^SC5 8a<b. C©^y>#§|S5 8a*>e>f§!9™fc 
^^ti/t 7 h 5 8 b £#S:W6ftTl,»*. 
[0 048 ] */c. Ki&»»jg5 8©7'5>S?+'>+7 
F 5 8 b ©5t4SSP«c«3t* 5 9 orilltogifiEK: 
3d* 3 ftfc 'J > ^ 6 0 ©-SSSP^lsltt S&iC 3 ftT 
40 l^. 3.6«c. 'j^i'e 0©ffe4SSgiUc«fS6 8©— 
*50tt@S«:afe3ftr^-5. C©W6 8©f^SP«f 

5 9 ^^SP6 2©-^©@5^S6 2 alCiSlfeSft'CU 
5. &*>\ 146 8 (C«. ^7 9^«g|l6 2©@m«6 
2 a£ffe:fr©{5Jg«i6 2 b36»6?l*»r^«C«»-i-* 

/■<^6 i*ss^6ftri,^„ 

[0049] $fc. i??v ?1tm%l6 2 ©ffe#©^8l& 

6 2 b«c«|5llEIA6 3 &<D—i%%um}&3tiXy>Z>. C 
©ilfel46 3 a©ffe^SWC«**T6 3 b*<@5££ ftt:<,> 

50 ©04tCm-r^'7U^';>^^4 9©3t#4 9 a«:@ 



)l><)ls?m.m4 9©3t8l4 9 a©|H]fK«:**T4 9 bif 
T6 3 b ±<DW£ffi*ftl,XB1&m 2 b ©01x816 3 

[0 05 0] $/c. 0t^lK)g5 8©->"J>^gi55 8 a 
ltttvX*-8HJSJg|52 0©iHmiiIgg5 7#&M3*vtt> 
S6tC v 7^ii-7i t»U-£3©^>K.rt/l 0 

Mrmmtf'^ piv 1 o?rao/cct«g^*D-rs«»nta 

C 0 0 5 l] ^tc. ifatt^©*!^©^©^^ 

3<DUv t>mm3H4 8X-tem7 K.7jkT£'>< l Crt*6 1© 
3;©@}§«6 2 b*^6?l#ilt3nTC^«)jg-rWn ? * 

««g|54 8*5^$nr(,^ 0 ^©fctf). c©tt*rete 

v.=.b*:iU— £3©H4(C7n-$v^ U;l< 'J >£> 
^$4 9©33A4 9 a«gSK:|5I^-e#S©-C. 7^^i 
— ?—fcT* U-*3©^> F;H 03&SS64J-C. Xffcfr 
ISJ (fe&frft) . YUfcfrfll (±T*|SJ) . Zffc&A (Mr 20 

@»^»jfett«-c*n-e*ifi8#3ti*i4fe«:. fee© 

?it iU-* 3 a. 3 b©2r3©^N> K;Ug(5 

*# i 5 a . i5b wwmR&vmmtvi3&x' j tti j eti& 

[0 05 2] ^>K)H0©*biDi«6 4lCj:- 5 

t«***m > f * i o fct£flt&&*D-r •si. aw 

@8g 5 7 #ffittXtt8 5 8 fcfl^ 0 , fi^lttg 5 

+ + 7 h58b»->y>yg|S5 8a#><=>3Stiii**i£75' 30 
l^Jtc^Kj $ *i. 5 9 * y > * 6 0 *WB#it@ 
o^rnjcciHi^sn-s. -€•©&*. H8tc^-r<t^tc«j6 

8*i;fc&K:&3frUT0J£1£6 2 a ifWfie 2 b tc&fel! 

C©<fc9(CffttK6 2atff»m6 2btc8M 
^CiKitJ. *©aEa«MCj:oT*T6 3b. 4 9 

b*^>Lr^^$nrc>s^-7U^y>^ts^4 9©^ 
IS4 9a©it*n ? ^s-tt*. 
[0 05 3] ^CC* ±EaW6©*>©(c*^rtt*flMtt 

f * u- # 3 ©^'7 u ju y > i7 tgfl}4 9 gftt 40 
*©K^fcP *?&lt^4 8 ©&tt 6 /X* 
4 9 ©WWCjfcRfctf^S/ b*-Z<0 
&ifi 9 <1©1»^J: ») if>3& < T&C>„ 
[0 05 4] Jfc, 0 9 (A). (B) (*4A91<Z>fll3 
©*Sfi©^®?:^-rfe©-C*^ 0 #Slife©0!&ttUt 1 © 
Xlk©XMi <Hl7li£H6#jl> ®7^J-xi/-^8 
SI KljW57X$-7ita U-*3©8lJj££;fc©ji 
•5^Ml//c*>©-C*-i>. 

*.U-*3 8tCtt. H9 (A) (Citi^{CA5U;|/iJ 50 
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>i>ii4 9©F^yu-F 1 2{cg^3nri»sy 

>*4 1 C©'J>*4 l©5fe^«cSi^$4a/c2o 
©»J>*42. 43i, fi5^4 0©AJ§Gt§£gifgtc3!£ 
it42o©}gt,i-3 9 a. 3 9b tWMthtoX\*>» 
4. cct. — ^©y>i'4 2©^gwc«— ^©fg-y- 
•^39a. mso> V>943 ©StiMIBCfcMft*©** 

? * 3 9 b tf-eh-etisestiTos. 

[0 0-5 8] $6<C. 'J > * 4 1 tC«, ftgt&fflfli©^ 
l©v-*-4 4*. y>*4 2^Ctt. ftg*£tBffi©|& 
2C7-A-4 5AJ. y>*4 3(Ctl. ftg&Hiffl©^ 
3©v-*7-4 6jy*tvetiBt}&!vCI.>S. 

[0 05 7] 7X>- ^hf»u-£3 8©jfi# 
K(J3o©7-^-4 4, 4 5. 4 6 ©#S&S£ffiJ-r 

s?lc^«c%'-*-^K t 3S4 7*jgeg:$nrc»s. 

C©v-#-s^rcr)g§4 ji~MBp92 o©$| 

& 1 ©^ife©BSi©vx^-xu-^g 1 tm— $j& 
[0058] ±te«j5R©2|c|l*fe©ji5g8©^ffl«:o 

OTtttMtS. *Jttfc©XHM>-?;*dr — r-e»U-3f 
3 8 ©gMaftCttffi&Pfi-!?- ,^3 9a. 39b ZSbfr 
TCttCJ:*). 3o©7-*-4 4, 45. 46*!fh 
■ettfMM-'S. C©<t#. 7X$-7if a l/-*3 8 
©afi«©**Wa:v-*-K*8ii)«4 7<cj:oT3o 
® 7 -*-4 4. 4 5. 4 6©^K(S*iH-iiJ$n4. C 
©v-^-^flxo S4 7 (cj:iffiiij^ttvx $-®J 
©Sff2 0©?SS#|5I882 2ccag&ft> 7^*-7^fa U 
- * 3 8 ©^ttS*5ft#? n-s. 
[0 05 9] 3 vxir-HWW*2 0©?imi5IK2 

2 vmn l /c^«rB©^- ^«aim^ 29^^ 

U-^S|g|J2 5©?||#|51SS2 8{C^I6tl. 

*u-^3 8©glfp{cjafieL/t:xu-^v^f^ u 

-*2*i|gl6$4ai„ 

[0060] i/c 010 (A) . (B) *s<fctKHl 1 

< a ) . ( b ) «*^©»4 (om&v&m&Tjk? t© 

T*S„ *SI«fi©?BSI«m 1 ©jy6©J&<8 (H 1 
6#M) ©v**-xu-:/i!ai{c:tett"5vx*-v 

- 1 ^ u - * 3 ©3^^«gp 1 1 <omm*,x<DM *) 
i//c*>©r*s„ 

[0 06 1 ] -Tftto^. *JUfe©^Sg^«a 1 0 (A) 
tonT <fc 5 1 0 b*^ y >i>«fl|4 9 © 

3-?©;f7U>n;>^5 3 A. 5 3B. 5 3C£©fB<C 
^3n-Ct^BS=ft^K©h 7^U- h 1 2©— 2 
©g<* L ^ItSftfJA* < fc 4 J: ^ (CS3£Lfci>©^* 
4. HI 1 (A) «h^y^u-h 1 2©— 22© 

g3#**«,>fi$L 1 «C8t3ei/fctt». HI 1 (B) « 
h v y^U - H 2©-22©S$3&s/J\3(,>S3L 2-<ca 

[0 06 2] CCr. HI 1 (A) ©h7^U-h 1 
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ai tmi i (B) ©h-^^^u-h i 2£&mutcm 
£©^> f* i ootemm a 2 

£tcW:011 (A) K^tJ:^(Chv^U-H2© 
-j2©fi<* L 1 tf*»l>«dtCI2. h ■? Y 1 2.'" 

©<ig£Btt011 (B) tC7jV3*<fc 5 tc h f h 1 

2©-2©fi? L 2 *S/Jn3 l>i§£© h ->> ^U- h 1 2 
©fl# C {CJt-^r^* < tt 
[0063]^-CT, #mM<Dft.m.<D£*>lCYV?-?l> 
- h 1 2 ©-i2©S3 Ltftb&W** < tt £ J: 5 KKS 

uyt*s^cctt^>FJH o(D&mm. (.m&nBQ Kite 

fch h 1 2©te£#*t< ftiCifcJ:!). 

A7U;l/'J>^5 3A, 5 3B. 5 3 C<Dffig£±tf & 

[0064] 3 6«C. ^aj«±IBHtfe<DJK^«:^3 

©#«HttKawni*TIB©» o tfia-r s . 
IB 

g$n. mrtBxu-^v-b-^b-^^aPiWicsifp-r 

>< v * 3 ^.^^ B?iB-^X * - vr. fcf » U - * KR W 
[0065] («E51 1 ©SHWMF) *^BJ«. £{* 

* - x u - TKstcnr & . 
[0066] (msm i ©fie*&«r> why 11-3 
33 1 1 1# 

^M*g&WKft^(c»ATSC£fcJ:9. ^e© 

i*KF«i-c©« * Ktenztf *> mLWs. mmr&Wfi* 

* tt^ga £g u ttt,»ffitgi*tt <d ± l -cia^as ?n-c 

*"T**JIWT?E<tf*>nTC>*. C©«fc5tt*ffiicfc 

¥1 1 -3 33 1 1 l-9(Cm3tlTC»2. 
[0 06 7] (f^IlJWISifcUJ^i-fSSSfl) v 
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*aW»&*wffl*s^;&*£JRo**#u*fc^» ,,, '' 

[0068] <fttrau©Bi»> t©raii*»iw* 

(t . 4MD U feflMR* -7 * * — mUtau «r*ai L -Cft5#«: 7 

10 [0069] (ttlB^S 1 ©$&*) afWKc^U-^-*' 

tSm^RW/c^tCcfcO, ffi^#ffi?g©*m#ftj£l5IDJ: 
5 (C'^lf ©ftfB C i £ t> 5 £. 
[0070] 

*©^»©jia«Ajt*«M9irsAjittWaiaw*4. c© 
*jti*}art»*3&>6©«M9ie-9*v^f — ^-»^» i"-* 
©ttflpas(C7 -f - F'< 5 * S«r$K#©^5b©AjK(cS 

20 - \£ » U - * ©&R»©JE^**«^#$to«it£ 

*©fc», nftf#aAr©fl.JB*flS4iHi o <t 5 «:^»©m 

[Hffl©tt*ttlMli] 

[a i ] *^bjcd^ i ©sus©^©vx u- 
^s© i'^f j*±&(DwmiLim o 

[02] mi ©H]te©^©^x £ -x 

30 [0 3] mi©SI«S©^©VX^-XU-^StC 
feW^U-^-faV-ii ©Jf ASR^:^-rSSB©fi4 

[04] mi<D3i«fi©^©^xaf-xu-y^S(c 

[05] (A) «^1©HJ6©^©VX^-XU- 

r i» sa«*tt *^-r«wiiiwaa. < b > w^-? -j 

40 $l£0. • 

[0 6] J»l©*ifc©Jig«©^X3r-xu-^t««: 

0. 

[0 7] *»W©»2©SW©JI5«©^^d»-^U- 
^StcfcW-S^^^-^-t"* u— *©^> F^©a 

[0 8] ^2©SI*6©^!^©vx^-xu-?'SS«: 

fc«57^if-7if 3.^-a^©^^> F^©13 f *tSMt 

©»f¥tt»*«9iT*fc*©fR«Miwaa. 
50 m 9 ] xmwom 3 ©njs©j&!8*^-r *> ©r. 
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[110] ##fcBj©fji4 ©HJfe(D^*^-r *><D-Cr ■■ 

(a) (mii-xi/-yggtcfctnvxji-7it 
mil) mwmmvBt&v^zz-z u-zrmm. 

BJTr-Sk©T?. (A) tth v7-?\s-~Y I, > 

tt»*^-rm»saa. (b) f^^u-kom^ 
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